Characterization of a unique enhancer element responsive to cyclic adenosine 3',5'-monophosphate and elevated calcium.
The VL30 family of defective retrovirus-like elements is abundantly transcribed in response to numerous transforming and proliferative stimuli. We have identified a novel enhancer element in the long terminal repeat of the transcriptionally active VL30 element RVL-3. The RVL-3 enhancer mediates a calcium-dependent induction of gene expression in response to treatment with either epidermal growth factor or the phorbol ester tumor promoter 12-O-tetradecanoylphorbol acetate. In this report we present in vivo and in vitro evidence indicating that the RVL-3 enhancer is also responsive to cAMP in the presence of elevated intracellular calcium. Proteins present in nuclear extracts obtained from Rat-1 fibroblasts bind specifically to a 20-basepair sequence within the RVL3 triple repeat. Competition binding studies and mutational analyses indicate that the cAMP responsiveness maps to the same region responsible for mediating the inductive response to epidermal growth factor and 12-O-tetradecanoylphorbol. The responsive sequence is different from previously described enhancer elements. This novel enhancer mediates transcription by multiple agonists and promotes a greater than additive increase in gene expression when more than one signal transduction pathway is stimulated simultaneously.